Abstract-Recently, many applications have been defined in order to track, monitor and notify vehicles either online or offline, in this work we focus on notifying subset of the vehicles based on their geographical location; such feature is called GeoCasting, which is the process by which a traffic accident is automatically detected and relayed to the nearest hospital or health center, police station as well as to all vehicles in geographical proximity. In this paper, we study application layer solutions handling Geo-Casting feature as an additive value to vehicles' Smart on-Board Unit (SBU). Moreover, we provide a SBU design that integrates this feature, also we report fully functional end-to-end system implementation including the proposed SBU module and web based application meeting the functional requirements of Geo-Casting.
INTRODUCTION
In recent years, we have witnessed a dramatic increase in the number of Smart on-Board Units (SBUs) which are mounted on the vehicles. SBUs have been used for monitoring the vehicle geographical locations, travelling movements, status and behavior in different terms such as speed, and for improving functionality, productivity and security for both vehicles and drivers. SBU includes a microcontroller, permanent and instance storage unit and a mobile communication channel. In most cases, the communications are restricted from/to Internet; in other words, the vehicles are not directly connected. Moreover, the smart unit has sensing and monitoring capacities, such as accidents and mobility sensing [1] . One potential important feature that can be integrated to SBU is accident reporting feature termed Geo-Casting. This feature includes sending accident notification information to the closest transportation authority office, as well as to all vehicles geographicallyclosetotheaccident's space. Geo-Casting can be human driven: thevehicle'sdriver who made the accident (or any other person witnessing the accident) can report to a central server that possible information. Here, we will only consider that SBU is equipped by the necessary sensor devices, and that will electronically detect and report the accident to the central server.
In related academic literature and commercial solutions, Geocast refers to the delivering data message to a group of destinations in a network identified by their geographical location [2] , [3] , [4] . Similarly, Location Based Services (LBS), such as services for relying promotions and advertisements information to user, inform the user when he is closed to predetermined shops or malls containing products of his interest [5] , [6] , [7] . Geo-Casting encompasses enormous advantages starting from saving human lives. Hence, the vehicle smart board is endowed with the capacities to detect and report the accident in real time, avoiding the human slowness in reporting actions. Clearly, it is an advantageous feature, especially when nobody is able to convey the accident because it may happen without witnesses, and the driver is severely injured. In addition, this feature reduces the time supposed to be spent in rescuing the driver and removing the vehicles involved in the accident by providing the notification message to all vehicles in geographical space of the accident's site. In this work, we study an application layer solutions and mechanisms, to handle the Geo-casting feature as an additive value to vehicles' SBU. Moreover, we purpose SBU design that integrates this feature. More importantly, we report endto-end system implementation including the proposed SBU module and web based central application that meets the design and functional requirements of the studied Geo-casting. The proposed system takes into account a predetermined time budget to deliver the notification massage. As well as, it considers the available data channels -such as SMS and GPRS data packets -, in terms of pricing and congestion level in the network, in order to deliver the notification to the maximum possible number of intended destinations within the time budget.
II. RELATED WORK
Recently, GPS, GPRS and GSM technologies have attracted significant attention by many researchers, who are using them as building blocks for constructing Vehicles' on-Board Unit. These technologies have many beneficial characteristics ,such as low cost, high availability, position related measurement accuracy, and GPRS/GSM connection reliability and its coverage which is almost everywhere in countries all over world 1 . Many works, including [8] , [9] , [10] , [11] , [12] have proposed Intelligent transportation systems for accident detection and reporting system based on these technologies. Our Geo-casting model can be added to their model without much integration efforts. Gho and Kim Nee at el [13] combined the GSM and GPS technologies together to build a reporting road management system. The system aimed to facilitate its users to report a complaint to the back-end server. The report notification, sent through SMS via GSM, concerns malfunctions in road condition spots. This report includes also the geographical location coordinates read by the GPS sensor. Their system is a human driven reporting system while we are more concerned about machine driven reporting systems. Authors in [14] , [15] introduced the Wreck watch server and client Modules. It is a comprehensive analysis and modeling that studies accidents detection and reporting by utilizing smartphones (client Module). In this work, this client module relays completely on the smartphone associated sensors and the 3G connection within the smartphone to report the geolocation information to the back-end Wreck server module. In [16] , [17] authors introduced CoCar system, a cooperative vehicle application. Vehicles send notification message to CoCar back-end server. Then, back end servers utilize the Multicast and Broadcast Multimedia Messages on UMTS (3G) to deliver the notification messages to other Vehicles in vicinity of the hazard reporting vehicles. Software Publish and Subscribe (P/S) mechanisms for mobile nodes (such as smartphone and vehicles) have been studied deeply as a solution for data dissemination to a group of interested destination in mobile environment [18] . Location Based Services have investigated using P/S solution in [19] . These mechanisms represent powerful solution for our problem even they require huge overhead on the back-end server due to frequent changing of the vehicles location.
III. ENABLING TECHNOLOGIES

A. Accident Detection
This subsection devoted to study the challenges associated to the accident detection by running the software in a microcontroller board. In modern vehicles the accident detection relays on a large number of sensors (acceleration/deceleration, airbag and rollover sensor) deployed in different places of vehicles' body and in direct interaction with the vehicles' control unit. In this study, we provide a framework which takes into account the possibility to integrate the vehicles' built on accident detection information into our proposed module. Moreover, we take into consideration the integration with old vehicles which are typically not equipped with the necessary sensors, This framework provides a design of the functional components in order to detect the traffic accident. The design of this part relies on integrating multi-sensor capabilities together, in order to increase the reliability of the module, so that it can reduce the positive false detection.
We propose an extensible accident detection component based on modular design principles. Therefore, it is simple to add/remove new sensors to the proposed system. Each module is constructed by a sensor and the corresponding proxy. The sensor gathers raw (unprocessed and noisy) physical world measurements and feeds the datum to the corresponding proxy unit. The proxy unit is a software component; it handles a simple signal processing function (such as glitch and noise removal) or a simple algorithm. This software element transforms the raw analog data from its input to a digital value between 0 and 1 [0..1] on its output. All the modules provide their data to the aggregation layer Accident Detection Proxy (ADP), which is in turn relays on a simple linear module proposed by [20] . ADP provides the accident detection as an output function represented by the following equation:
Where α i is the weight factor for sensor i. And µ i value of the corresponding sensor. More in details, this is a list about possible detection technologies: 1. Crash Sensor: a Micro-Electro-Mechanical-Switchs (MEMS) based sensor able to detect strong shocks which provide indicationofvehicles'accident. 2. Accelerometer sensor: it is used to observe a significant change of the vehicle acceleration or deceleration to indicate the occurrence of an accident. 3. GPS sensor: Periodically, the microcontroller will acquire the GPS sensor to monitor the vehicle's speed. Then the microcontroller computes the acceleration of the vehicle in current period. Finally, and it is used to read a significant decay of the vehicle's speed that indicates the occurrence of an accident. 4. Vehicle built-in airbag: in this case the microcontroller is interfaced through the ORB II communication standard to the vehicle control unit. And in case of an accident, the vehicle control unit will send notifications to the microcontroller. The accuracy of detection of each single sensor will be reflected by giving it a higher weight value compared to less accurate sensors.
B. Mobility Recognition Components
This functional component is responsible for monitoring and detecting the activity of a vehicle (moving/stationary) and responds seamlessly and proactively to the vehicle's mobility status changes and updates. This component can be constructed usinganaccelerometerandaGPSsensor.TheGPSs'readings are considered as the primary value for expressing the vehicle status and once the GPS signal is inadequate (no Lin-Of-Sight LOS, high noise level) to calculate the geographical location, by turn, the microcontroller will depend on the accelerometer's measurements to identify the vehicle status.
C. GSM Technology
Global System for Mobile Communications, originally (GroupeSpécial Mobile), is the world's most popular mobile telephone system. About 80% of mobile operators use this standard, providing services to over 1.5 billion people across more than 212 countries. This is because GSM is the first mobile generation which provides services and ability to roam and switch carriers without replacing phones, and also to network operators. General Packet Radio Service GPRS represents an evolution of the GSM standard, allowing data transmission in packet mode and providing higher throughputs compared with the circuit switched mode [20] , [22] .
D. GPS Technology
Global Positioning System (GPS) is a worldwide radio navigation system formed from the constellation of 24 satellites and their ground stations. The Global Positioning System is mainly funded and controlled by the U.S. Department of Defense (DOD). The system was initially created and designed for the U.S. military use only. But nowadays, it is available for civilian, without any kind of charge or restrictions. Global Positioning System tracking is a method of working out exactly the position of GPS sensor's holder based on a simple mathematical principle called trilateration or triangulation. Trilateration falls into two categories: 2-D Trilateration and 3-D Trilateration. It requires having at least four satellites transmitting coded signals from known positions. Three satellites are required to provide the three distance measurements, and the fourth to remove receiver clock error [23] .
A GPS tracking system can work in various ways. Active and passive tracking, In Passive tracking the position is usually stored in internal memory or on a memory card along the ride, while in the active tracking, also refers to a real time tracker, data is to be transmitted to central database via a modem within the GPS unit [23] .
E. Web Services
A Web Service (WS) [24] is a communication paradigm which allows two Internet applications or two electronic devices (such as computers, embedded processors and microcontrollers, smart sensors and actuators, smart phone, cellular mobile and tablet PCs) to interact in order to exchange information and events between each other through the WWW (World Wide Web). There are two important Kinds of Web Services, Simple Object Access Protocol (SOAP) [25] and Representation Stateless Transfer (REST) [26] .
IV. ARCHITECTURE AND IMPLEMENTATIONS
This section depicts the high level architecture of the proposed system by identifying the main building blocks which consists the SBU which is mounted and attached to the vehicles. In addition, the Web based application running on the back-end server is introduced. 
1) Smart on-Board Unit (SBU) MAIN COMPONENTS format make captions, to be uniform
Here we provide detail descriptions for the used hardware modules by SBU.
a) GSM-GPRS Module A GSM module is a wireless transmission module that works with a GSM wireless network. It behaves like a dialup modem. The main difference between GSM module and dialup modem, which is a dialup modem sends and receives data through a fixed telephone line while a wireless modem sends and receives data through radio waves. The module can be connected to a computer through a serial cable or a USB cable. In our project we use the SM5100B Cellular Shield, since it is easy to deal with and more flexible, also it supports AT Commands. It has unlimited transmission range and distance, so we can use it in any place. GSM can easily send and receive data across the mobile network, and it can transmit instructions, commands, SMS and receive them from microcontroller [27] . 
b) Arduino Microcontroller
The Arduino Uno is a microcontroller board, which has 14 digital input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic resonator, a USB connection, a power jack, and a reset button. It contains everything needed to support the microcontroller; simply connect it to a computer with a USB cable or power it with an AC to DC adapter or battery to get started [27] . 
c) GPS-11058 Module
GPS-11058 is a development board that uses the smallest, most powerful, and most versatile GPS receiver. The module can be configured to an amazingly powerful 10Hz update rate, with 14 channel tracking. It has two serial ports, UART and SPI interfaces, 28 mA operating current and high sensitivity. It needs to connect it with an external battery or super capacitor to the board, to support very fast restarts after power is removed. There are even pads on the bottom of the board for the 0.2F super capacitor, which keeps the board hot start-able for up to 7 hours without power [27]. 
d) Accelerometer sensor
This sensor is capable of a vast range of sensing. Accelerometers are available that can measure acceleration in one, two, or three orthogonal axes. They are typically used in one of three modes:
 As an intertial measurement of velocity and position;  As a sensor of inclination, tilt, or orientation;  As a vibration or impact (shock) sensor. There are considerable advantages to using an analog accelerometer as opposed to an inclinometer such as a liquid tilt sensor -inclinometers tend to output binary information (indicating a state of on or off), thus it is only possible to detect when the tilt has exceeded some thresholding angle [29] . 
2) Cloud Based Web Application
In order to make our Web Application flexible and extendable, we have adapted the REST (RESTful) architecture. And our implemented system has used the three-tier architecture [28] :
1. A front-end which relate to the client side. The user interface is based on a web-browsers application. It contains a responsive web page developed using Hypertext Transfer Markup Language v.5 HTML5 , Javascript , JQuery library and Cascading Style Sheet (CSS) whose application is tested on both desktop and smartphone web browsers. This web page uses Asynchronous JavaScript AJAX in order to build bidirectional data flow with middle layer.
2.
A middle layer which includes a dynamic PHP program running on top of Apache web server. This program exposes its internal functionality through a RESTful interface towards the front-end and it uses the MySQL native driver for PHP for storing and retrieving data.
3. A back-end containing MySQL database server used to store all known roads in the region, system users, users profiles and user alerts. This component is a relational database that is used to store and retrieve the data. Note that the positioning and speed data are time-stamped according to the UTC time reference.
In RESTful vocabulary things are resources. Each resource is a uniquely addressable entity by a Universal Unique Identifier (URI) attached to it. Moreover, each resource has a representation which can be transferred and manipulated by means of four verbs. These verbs are create, read, update and delete (CRUD). Figure 7 depicts the flowchart of our project, starting from measuring the speed and location of the vehicle, as longitude and latitude coordinates. Speed and location readings will be sent to the microcontroller that in turn will forward the aforementioned information to the back-end server. In order to minimize the power consumption and network usage, the microcontroller continuously checks if the vehicle is either in the moving or stationary state. If the vehicle is in stationary state, the algorithm "sleeps" for a while until the vehicle starts moving. Then, it resumes running. The microcontroller continuously reads the status for the accident detection sensors. 
V. THE PROPOSED GEO-CASTING ALGORITHM
1) SBU Algorithm
2) Web Application Algorithm
The overall architecture of the Geo-Casting system is illustrated as depicted in Figure 8 . In this subsection we provide details about the Web Application part which is identified by the dotted rectangle in the figure. The Web Application is highly modular with clearly defined interfaces. The key components -Connection Manger, Tracking Manger, Accident Manager, Notification Manager and Localization Manager -work together to implement our proposed approach. Web Application main components:
 Connection Manger. This is the logical interface for Web
Application. It receives all information from SBUs through different data channels -such as SMS and GPRS -and then, it unifies their data format for the upper layers. In addition, it takes into account prices/cost of using available data channels to deliver the notifications to the vehicles.
 Tracking Manger. The aim of this functional component is to handle the vehicles geographical location updates, and to store these updates in persistent storage for historical retrieval. For more details about tracking manager functionality and implementation see our previous work [8] [9] [10] .
 Accident Detection Manager. This component has data fusion capability dealing with several notifications regarding the same accident, which consolidates into a single one.
 Notification Manager. Aims to prevent the system or the network from being overloaded while sending a huge number of simultaneous notifications to the vehicles, this component are responsible to divide all the intended destination vehicles in to sub-groups.
 Localization Manager. When an accident occurs this component localizes the moving vehicles in a geographical area corresponding to a circle identified by a given radius in order to transmit a notification message, in order to suggest alternative routes, or to warn for speed reduction.
VI. CONCLUSION AND FUTURE WORK
Saving and protecting lives needbothgovernmentanddrivers' corporation commitment. Much efforts and money will be essential to accomplish and maintain a very good level of road safety. Our target is to design a Low cost GPS/GSM/GPRS based wireless controlling model. Due to the wide spread of Vehicle on-Board Units, there will be an increasing chance for integrating the Geo-Casting feature in many areas around the world. The proposed model aims to reduce road traffic congestions, to cut crashes expenses, to decrease the number of resulting casualties and to reduce the extra time spent on road. All these goals support the achievement of human road safety and travel time saving. We provided an end-to-end application layer solutions handling Geo-Casting feature as an additivevaluetovehicles'Smart on-Board Unit. We will keep working to finalize the system implementation and to add an experimental section of the proposed model.
